Invariant NKT cells are important regulators of T cell immunity and autoimmunity. In this review we describe evidence that supports their regulatory role in the prevention of autoimmune disease. Moreover, we will discuss the current knowledge on iNKT cell biology, antigen recognition, acquisition of a specific cytokine profile, and mechanism of action that suggest a key role for iNKT cells as negative regulators of autoimmune diseases.
INTRODUCTION
CD1d-restricted T cells that are characterized by the expression of an invariant TCR α-chain (Vα14 in mice and Vα24 in humans) and markers of natural killer (NK) cells are referred as invariant natural killer T cells (iNKT) cells, and represent a unique lymphocyte subset (1) . They have a remarkable functional diversity and play various and opposite immune functions. On one hand, they actively induce T cell tolerance and are crucial for prevention of autoimmune diseases in pre-clinical models of multiple sclerosis (MS) (2, 3) , type 1 diabetes (T1D) (4, 5) , systemic lupus erythematosus (SLE) (6) , myasthenia gravis (MG) (7) and rheumatoid arthritis (RA) (8, 9) . On the other hand, iNKT cells participate in the innate immune response to promote antimicrobial (10-12) and antitumoral (13-15) immunity. The importance of iNKT cells as immune adjuvant cells have been clearly demonstrated by the findings that microbial glycolipid antigens activate iNKT cells (16) (17) (18) and that pathogens -and more specifically viruses that establish latency -have developed protective mechanism to interfere with CD1d presentation and block iNKT cell activation (19) . While the adjuvant function of iNKT cells is widely recognized, the physiological role of iNKT cells as inhibitors of T cell immunity, essential to prevent autoimmune diseases, has been recently questioned (20) despite of the several lines of evidence that iNKT cells actively induce T cell tolerance and counter-regulate autoimmunity. In fact, iNKT cells not only prevent different experimental models of autoimmune diseases including MS, T1D, SLE and RA (2) (3) (4) (5) (6) (7) (8) , but they are also defective both quantitatively and qualitatively in mice and humans affected by most autoimmune diseases (6, 8, (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) . The skepticism about the protective role of iNKT cells in autoimmune diseases is probably related to their secretion of both pro-inflammatory Th1 and protective Th2 cytokines and to the lack of knowledge about their mechanism of action. Here we will review the numerous lines of evidence that suggest that iNKT cells are important cells for the prevention of autoimmune diseases. Moreover, we will present current notions on the iNKT cell biology, antigen recognition, acquisition of a specific cytokine profile and mechanism of action that support their role as important immune regulators for prevention of autoimmune diseases.
INVARIANT iNKT CELLS: INNATE OR ADAPTIVE IMMUNE CELLS?
Since iNKT cells play an important role in the early immune response against pathogens, they are often presented as innate immune cells (33) but it would be limiting to restrict their role to such classification. Innate immune cells are, by definition, cells that are present and functional prior to the exposure to microbes and their intent is to provide a first-line defense against pathogens. iNKT cells respond to those criteria since they pre-exist in the peripheral immune system in a significant percentage (1-2% of spleen lymphocytes, 0.2-1% of lymph node cells, 10-20% of liver lymphocytes and 40% of CD3 + cells in the bone marrow) (34) and are pre-committed to secrete cytokines prior to the exposure to infections (35) . However, iNKT cell number is enhanced in response to pathogens and they respond with proliferation and cytokine secretion to a specific antigen, αGalactosylceramide (αGalCer) (36) , thus showing the typical feature of acquired immune cells. Therefore, it is evident that iNKT cells carry features of both innate and adaptive immune cells and do not belong to a single immune compartment but rather act at the interface between innate and adaptive immunity. In this view, iNKT cells behave like other innate immune cells such as dendritic cells, macrophages and mast cells that play different and opposite functions according to the site and time of the immune response. Right after the contact with the foreign pathogen or substance they participate in and promote the inflammatory response by releasing pro-inflammatory cytokines. Later on, if T cell responses persist beyond the clearance of pathogen, they acquire a tolerant function to limit the inflammatory response and avoid destructive immunity and autoimmunity. In order to attend their dual role iNKT cells must perceive different stimuli from the environment and acquire different functional phenotype to regulate appropriately the downstream adaptive immune response. The environmental stimuli that drive the different iNKT cell functions are yet unknown but there is indication that iNKT cells can either respond directly to pathogen-induced signals, for example through stimulation of toll-like receptors (TLR) (16) , or indirectly, through the presentation of self or non-self glycolipids by their antigen-presenting cells, the myeloid dendritic cells (36).
ANTIGEN SPECIFICITY OF iNKT CELLS: SELF OR NON-SELF GLYCOLIPIDS?
The invariant NKT cell receptor (NKTCR) recognizes glycolipid antigens presented by the MHC class I-like molecule CD1d (37) . The invariance of the NKTCR had originally led to speculation that iNKT cells react to a single glycolipid antigen. In that view, the first NKT cell antigen identified, the marine-sponge-derived glycolipid antigen αGalCer, was thought to mimic the natural endogenous or exogenous ligand (33) . Based on the assumption that iNKTCR reacts to a single antigen, for many years it was believed that the identification of such antigen could help to clarify the iNKT cell function in the immune system. The recognition of a microbial antigen could have suggested that the main function of iNKT cells is pro-inflammatory and primarily aimed to help fighting infections. On the contrary, the identification of a selfglycolipid antigen could have implied that iNKT have a predominant role in the control of T cell homeostasis and prevention of autoimmunity. However, recent studies have weakened the idea that iNKT cells recognize a single antigen. In fact, various lipids bind naturally to the CD1d molecule, and, although not all of them stimulate the NKTCR, it is clear that the iNKT cells can proliferate and secrete cytokines in response to several glycolipids derived from autologous cells, tumors, microbes and allergens and presented by the CD1d molecule (38) . Two recently identified iNKT cell antigens, the bacterial α-glycuronosylceramides (16, 17, 39) and the selfglycosphingolipid, isoglobotrihexosylceramide (iGb3) (40) , showed an high structural homology with αGalCer (41) . Hence, the current view is that the iNKTCR does not recognize a single antigen but rather a restricted set of glycolipids that share structural homology and either derived from pathogens or self-tissues.
Although there is still no direct evidence that iNKT cells are activated by recognition of a self-antigen, it is clear that a self-glycolipid antigen is necessary for iNKT cell maturation in the thymus. The observation that mice with a deficiency in -hexosaminidase (hexb), an enzyme required for the generation of iGb3 in lysosomes, were defective in iNKT cell development, suggested that the iGb3 self glycolipid is necessary the intrathymic iNKT cell maturation (40) . However, since the glycolipid ligands for iNKT cells are loaded onto CD1d molecules in the late endosome/lysosome compartment, the iNKT cell defect in hexb-deficient mice could be related to the abnormal accumulation of glycolipids in the lysosomes rather than to a specific requirement of iGb3 for iNKT cell selection. In support of that idea, there is the observation that the iNKT cell development is defective in individuals affected by several lysosomal storage diseases since the pathological accumulation of glycosphingolipids in lysosomes influences endogenous lipid loading and/or presentation on the CD1d molecule (42) . Moreover, it is in doubt that iGb3 is the physiological antigens of human iNKT cells since humans lack the iGb3 synthase (33).
While the nature of self-glycolipid antigens of iNKT cells remains elusive, important progress has been made in characterizing microbial iNKT cell antigens.
Glycosylceramides isolated from the cell wall of Gramnegative LPS-negative bacteria Sphingomonas bacteria which are ubiquitously present in the environment, such as Ehrlichia muris and Sphingomonas capsulata, can activate the iNKT cells in an antigen specific manner (16, 17, 39) . Interestingly, some pathogens like LPS-positive Salmonella thyphimurium activate iNKT cells through the recognition of an endogenous lysosomal glycosphingolipid, iGb3, presented by LPS-activated dendritic cells (16) .
The current hypothesis regarding the antigen specificity of iNKT cells is that iNKT cells mature in the thymus upon recognition of a self-glycolipid and then respond peripherally with proliferation and cytokine secretion to microbial or self-glycolipid antigens. According to this view, the iNKT cell phenotype and function is not determined by the recognition of microbial or self-antigens but it is rather driven by the context in which they receive the antigenic stimulation and by the integration of different co-stimulatory signals. The recognition of a self-glycolipid in the absence of pathogens, for example during autoimmune damage of tissues, could drive iNKT cell towards a regulatory iNKT cell phenotype and function. Conversely, if iNKT cells recognize microbial or self-glycolipids in the context of an infection and in the presence of pro-inflammatory signals, they acquire an adjuvant function and contribute to the clearance of pathogens.
REGULATORY FUNCTION OF iNKT CELLS: INDUCTION OF T CELL TOLERANCE AND PREVENTION OF AUTOIMMUNITY
The hypothesis that iNKT cells could play an immune regulatory role in the immune system originated soon after their discovery. In 1994 a subset of T cells showing markers of natural killer cells together with an invariant TCR was identified (43) (44) (45) and one year later the group of W. E. Paul described a selective defect of the CD4 + NK1.1.
+ T cell subset in autoimmune-prone SJL/J mice, a strain highly susceptible to the induction of experimental allergic encephalomyelitis (EAE), an animal model of MS (21). Subsequently, evidence of an immune regulatory role of iNKT cells came from numerous studies showing that they are essential to protect against autoimmune diseases (table 1) . On one side, iNKT cell activation through administration of their antigen, αGalCer, protected mice against several pre-clinical models of autoimmune diseases such as MS (2, 3), T1D (4, 5), SLE (6), MG (7), and collagen-induced arthritis (8, 9) . On the other side, a quantitative and/or qualitative defect of iNKT cells was reported in patients affected by most autoimmune diseases including MS, T1D, SLE, Sjogren's syndrome, MG, RA, sarcoid and asthma, as well as in mouse models of T1D, MS, SLE and colitis (27-32, 46). Although there is no proof that iNKT cells directly suppress T cells in vitro, as conventional regulatory T cells such as CD4
+ or IL-10-secreting Tr1 cells do (47, 48) , their capacity to down-regulate T cell immunity has been clearly demonstrated in vivo in several models of immune tolerance. In the model of immune privilege in the eye, the anterior chamber-associated immune deviation (ACAID), peripheral tolerance towards an antigen injected intraocularly was achieved only in the presence of iNKT cells (49) . In fact, CD1d-deficient or Vα14 NKT celldeficient mice failed to develop systemic tolerance. In addition, iNKT cells were capable to induce transplantation tolerance towards allogeneic (50) and xenogeneic (51) islet cells transplanted into the liver and towards cardiac allografts (52) . In all cases, long-term survival of the grafts induced with different tolerogenic stimuli (anti-CD4, anti-CD154, anti-LFA-1 and anti-ICAM-1, anti-B7-1/2 monoclonal antibodies) was obtained in wild-type but not Vα14 iNKT cell-deficient mice (52) . Also, host iNKT cells inhibited T cell immunity in Graft-versus-Host Disease (GVHD) (53) . While those studies clearly proved the importance of iNKT cells in peripheral tolerance induction, the numerous reports showing a protective role of iNKT cells in autoimmune diseases probably represent the strongest evidence of their immune regulatory role and will be described in details.
Multiple Sclerosis
The relevance of iNKT cells as regulatory T cells in autoimmune disease of the central nervous system (CNS) was highlighted by the finding that their percentage is reduced in SJL/J mice susceptible to EAE, the experimental model of MS (3, 21), as well as in patients with MS (30). In those studies, the iNKT cell number was assessed in SJL/J mice both by analysis of NK1.1 + CD3 + T cells (21) and, more recently, as CD1d-restricted iNKT cells reactive to αGalCer-loaded CD1d-dimers (3). In humans, despite of the limitation of studying iNKT cells in peripheral blood where they are underrepresented (0.1-0.5% of CD3 + lymphocytes), it was demonstrated a clear reduction in the number of Vα24Jα in MS patients compared to healthy individuals or patients affected by other inflammatory disorders (30). Recently, the link between iNKT cell number and prevention of autoimmunity in the brain was further suggested by the observation that the iNKT cell percentage increased significantly in patients protected from MS relapses by the treatment with type 1 interferon-β (54).
Those studies clearly indicated a possible role of iNKT cells in the protection from MS. Additional evidence of such protective role came from the observation that iNKT cell activation prevented autoimmunity in preclinical models of MS, and EAE was the first autoimmune disease in which the ability of iNKT cells to prevent T cell autoimmunity was demonstrated. The oral administration of OCH, a synthetic glycolipid analogue of αGalCer, was able to prevent MOG peptide-induced EAE in B6 mice through the regulatory action of iNKT cells (2) . In fact, only wild-type B6 mice but not iNKT cell-deficient littermates were protected from EAE, thus showing that the OCH analogue specifically triggered the iNKT cell regulatory function. In that report, the protective action of the OCH analogue was linked to its ability to induce a predominant secretion of the Th2-type cytokines such as IL-4 upon iNKT cells. Subsequently, a better degree of protection against MOG peptide-induced EAE was achieved by treatment of B6, PL/J or SJL/J mice with αGalCer, a strong NKTCR agonist that promoted iNKT cell expansion and cytokine secretion without driving them towards a specific Th2-type cytokine profile (3). The latter finding suggested that the immune regulatory role of iNKT cells in EAE did not depend upon their acquisition of a Th2 cytokine profile. In fact, the observation that αGalCer treatment did not protect from EAE neither IL-4 nor IL-10 knockout B6 mice (3) indicated that Th2 cytokines may be important for the immune regulatory pathway generated by iNKT cells but it did not necessarily imply that iNKT cells should secrete Th2 cytokines to mediate their regulatory function. In support of that view, another report demonstrated that αGalCer-activated iNKT cells must secrete different types of cytokines including IFN-to protect against EAE (55).
Type 1 diabetes
A reduced number of Vα14 iNKT cells and their abnormal cytokine secretion have been reported in animals that develop spontaneous autoimmune diabetes such as non obese diabetic (NOD) mice (22-24) and diabetes-prone BB rats (56) as well as in humans affected by T1D (27, 28). In the first study reporting an iNKT cell defect in NOD mice, the group of J-F. Bach correlated the deficit in the number of NK1 + -like thymocytes with the progression of the autoimmune disease (22). In different studies the restoration of a normal iNKT cell number by injection of thymic Vα14 NKT cells from non diabetic (BALB/c x NOD F 1 ) mice ameliorated autoimmune diabetes (23, 57). This observation, together with the finding that the excess of iNKT cells in Vα14 TCR transgenic NOD mice only partially prevented T1D (58, 59) , demonstrated that a qualitative NKT cell defect is also present in NOD mice. Originally, it was believed that such defect regarded selectively the iNKT cell secretion of Th2 cytokines like IL-4 and IL-10 (57). The latter hypothesis was supported by the finding that in twins discordant for T1D, the diabetic sibling, together with a lower frequency of CD4 -CD8 -
Vα24JαQ
+ T cells, also showed a reduced secretion of IL-4 by iNKT cells (27). Subsequently, the importance of Th2 cytokines secretion for the protective role of iNKT cells has been questioned by several findings. First of all, the observation that secretion of both IL-4 and IFN-was defective in NOD mice (24). Second, αGalCer administration was able to induce iNKT cell-mediated protection from T1D in IL-4 and IL-10 knockout NOD mice (60, 61) . Finally, the selective defect of IL-4 secretion by iNKT cells in T1D patients was not confirmed by successive studies.
Although a qualitative defect of iNKT cells in autoimmune diabetes has not yet been identified, it remains unquestionable that a lower percentage of iNKT cells is present in humans and animals prone to T1D. Interestingly, a recent report has linked the reduced iNKT cell number in NOD mice to a genetic defect of the Slamf1 gene (62) . In that study, it was demonstrated that the Slamf1 gene controls the expression of SLAM on DP thymocytes and the maturation of iNKT cells in the thymus. Hence, the genetic defect of the Slamf1 gene in NOD mice was responsible for the reduced SLAM expression on DP thymocytes and the resulting quantitative iNKT cell defect.
As for MS, the best evidence that iNKT cells play a protective role against autoimmune diabetes was provided by the observation that iNKT cell activation resulted in prevention of T1D in NOD mice. Two studies reported that the intraperitoneal injection of αGalCer, a strong NKTCR agonist, protected NOD mice through modulation of iNKT cells (4, 5) . Similarly, the activation of iNKT cells by upregulation of the their restriction molecule, CD1d, within the pancreatic islets of insCD1d transgenic NOD mice was able to prevent autoimmune diabetes (63) , while the absence of iNKT cells in CD1d knockout NOD mice significantly worsened T1D (64) . Interestingly, αGalCer was effective whether administered early (4 weeks of age) or late (starting at 10 weeks of age) when the autoimmune T cell repertoire in NOD mice was already generated (5).
Hence, the regulatory effect of iNKT cells was played not only in the induction phase of the disease, altering the activation and expansion of islet-reactive T cells, but also in the effector phase with a direct inhibition of the diabetogenic potential of islet-reactive T cells. Those studies identified a protective role of iNKT cells in autoimmune diabetes, however they failed to provide a regulatory mechanism of action. They indicated that protective iNKT cells increased secretion of IL-4, a cytokine that could bias the cytokine profile of isletreactive T cells towards a protective Th2 type. However, αGalCer-activated iNKT cells increased secretion of both IL-4 and IFN-γ (4, 5) . It is possible that IFN-secreted by iNKT cells plays a down-regulatory effect on the diabetogenic potential of islet-reactive T cells as indicated by other studies (65) . Alternatively, the regulatory iNKT cell mechanism of action does not depend on their cytokine secretion pattern.
Systemic lupus erythemathosus
The association between the selective reduction in numbers of Vα14 iNKT cells and autoimmune disease was demonstrated for the first time in the autoimmuneprone MRL/lpr mouse, the murine model for human systemic lupus erythematosus (SLE) (25). Such selective reduction in iNKT cell number was then confirmed in other experimental models of lupus, the NZB/NZW F 1 mice (6), as well as in humans affected by SLE (8) . Although one study suggested that activation of iNKT cells in NZB/W F 1 mice could induce Th1-type immune responses exacerbating lupus, in the MRL/lpr model of lupus the reduction of Vα14 iNKT cell numbers correlated with the progression of autoimmunity, starting to decrease at 3-4 weeks of age before the onset of the autoimmune disease and completely disappearing at 10 weeks of age, when the clinical lupus manifests itself, and the injection of Vα14 TCR transgenic iNKT cells into MRL/lpr mice delayed the onset of clinical signs of lupus (25).
Rheumatoid arthritis
A significant decrease in the percentage of Vα24
-iNKT cells was reported in patients affected by RA (8) . Interestingly, in that report the reduced number of iNKT cells was associated with their inability to respond to antigenic stimulation with αGalCer. The latter finding suggested that iNKT cells of RA patients carry an intrinsic functional defect that rendered them unable to expand in response to antigenic stimulation.
MECHANISM OF ACTION OF REGULATORY iNKT CELLS

The role of cytokines
Since iNKT cells release large amounts of cytokines upon activation via their T cell receptor (TCR), it was originally believed that they mediate their regulatory or adjuvant function through secretion of cytokines. Indeed, the iNKT cell secretion of pro-inflammatory cytokines such as IFN-and IL-12 was linked with the adjuvant function of iNKT cells to fight infections and in anti-tumor immunity (66) (67) (68) . On the other hand, early studies suggested that Th2-type cytokines could play an important role in the immunoregulatory function of iNKT cells. For example, iNKT cell-mediated protection from autoimmune diabetes induced by either injection of diabetogenic T cells or cyclophosphamide treatment was obtained only in the presence of IL-4 and/or IL-10 (5). Furthermore, iNKT cells that induced T cell tolerance and ameliorated animal models of autoimmune T1D or MS (2) (3) (4) (5) 69) showed an increased secretion of Th2-type cytokines such as IL-4 and IL-10. In those models, the cytokine profile of self-reactive T cells was also biased towards a Th2 phenotype that is protective in T cell-mediated autoimmune diseases. Those findings together with the early reports of a selective impairment of IL-4 secretion by iNKT cells of mice and humans affected by autoimmune diseases (21, 27), suggested that the secretion of Th2 cytokines by iNKT cells were responsible for their regulatory action. Specifically, the release of IL-4 and/or IL-10 at the time and site of activation of self-reactive T cells could alter their cytokine phenotype and reduce their inflammatory potential and aggressiveness towards self-tissues. However, studies in IL-4 and IL-10 deficient mice clearly demonstrated that the secretion of Th2 cytokines was dispensable for iNKT cells to mediate their regulatory function. In fact, activation of iNKT cells by administration of αGalCer was able to protect against autoimmune diabetes and EAE both wildtype and IL-4 (60) or IL-10 deficient mice (61) . In a recent work, the group of Lehuen demonstrated that iNKT cells prevented T1D without driving a Th2 shift of selfreactive T cells (70) . Instead, islet-reactive CD4 + T cells injected into Vα14 TCR transgenic NOD mice were primed in the pancreatic lymph nodes but rendered anergic by iNKT cells. In the same model, iNKT cell-secreted cytokines such as IL-4, IL-10, IL-13 and TGF-did not play any role (71) . The same group reported in vitro experiments showing that iNKT cell modulation on selfreactive T cells required cell-cell contact (71) . In that study, the authors clearly demonstrated that iNKT cells were unable to modulate T cells in a trans-well system, thus confirming that iNKT cell secretion of cytokines was not sufficient for their regulatory action. However, the experimental setting of that study did not allow identification the type of cells that were directly contacted and modulated by iNKT cells since the regulatory iNKT cells were place in contact with total splenocytes. The isletreactive CD4 + T cells resulted anergic and less diabetogenic after being cultured with iNKT cells but there was no evidence that such effect was due to a direct cell-cell interaction between iNKT and T cells and it cannot be excluded the possibility that iNKT cells modulated other cells, such as antigen-presenting cells or conventional regulatory CD4
+ T cells or Tr1 cells that were present in culture.
Modulation of dendritic cells
The capacity of iNKT cells to modulate dendritic cells (DCs) in order to play their adjuvant function and boost innate immune responses has been clearly demonstrated (72) . Specifically, several studies in vivo reported that iNKT cell activation provoked the maturation of CD11c + DCs with up-regulation of restriction molecules such as MHC class II and CD1d as well as co-stimulatory molecules such as CD80, CD86 and CD40 (73, 74) . Brenner and coworkers clearly demonstrated in vitro that DCs modulation was induced by cell-cell contact between iNKT cells and myeloid DCs (75) . In that report, DCs were simultaneously stimulated via TLR with LPS and co-cultured with CD1d-restricted iNKT cell clones and, together with up-regulation of maturation markers, they also showed an increased secretion of pro-inflammatory cytokines. Those findings suggested that DCs, in the presence of pathogens, when they receive iNKT cell modulation together with other microbial signals such as LPS, secrete large amount of the pro-inflammatory cytokine IL-12 to prime inflammatory Th1 cells. Hence, adjuvant iNKT cells can respond to "danger" signals through microbial antigen recognition via TCR or stimulation of toll-like receptors and, in response, modulate DCs to increase their antigen-presenting capacity and their priming capacity on effector T cells.
The effect of iNKT cells on DCs under steady-state conditions, i.e. in the absence of pathogens during autoimmune diseases, is less clear but it may be important for the regulatory role of iNKT cells. The first report suggesting that regulatory Vα14 + iNKT cells modulated myeloid DCs was provided by the observation that iNKT cell-mediated protection from autoimmune diabetes in NOD mice was associated with the recruitment of tolerogenic myeloid CD8α -DCs within the pancreatic lymph nodes. In addition, the transfer of tolerogenic myeloid CD8α -DCs isolated from PLN of iNKT cellprotected mice into NOD mice completely prevented diabetes development (76) . However, a subsequent study stressed the importance of plasmacytoid rather then myeloid DCs for control of autoimmune diabetes in the NOD mice (77) . Hence, although there is indication that iNKT cells could mediate their regulatory role for prevention of autoimmune diseases through modulation of DCs and up-regulation of co-stimulatory molecules (60) , the functional features of those tolerogenic DCs and the molecular events operating in iNKT cell and DCs interactions were still unclear. In 2005, Taniguchi et al. clarified the regulatory properties of DCs modulated by Vα14 iNKT cells (78) , demonstrating that stimulation of Vα14 iNKT cells in vivo by repeated αGalCer injections generated tolerogenic DCs characterized by up-regulation of co-stimulatory (CD80, CD86 and CD40) and MHC class II molecules and a tolerogenic cytokine profile with high IL-10 and low IL-12 secretion. Interestingly, the iNKT cellinduction of those tolerogenic DCs was associated with protection from autoimmune disease (EAE) and the acquisition of an IL-10-secreting phenotype by self-reactive CD4 + T cells. Those studies clearly suggested that iNKT cell could mediate their regulatory action through modulation of myeloid DCs. However, they failed to assess whether iNKT cell directly contact DCs or rather induce a tolerogenic DCs phenotype by altering the cytokine microenvironment or through other cell intermediaries. Recently, our group collected clear evidence that iNKT cells directly interact with myeloid DCs through cell-cell contact mechanisms that involve the CD1d molecule and drive DCs towards a tolerogenic IL-10-secreting phenotype. Strikingly, iNKT cell-modulated DCs, together with tolerogenic cytokine-secreting phenotype, also showed a unique capacity to induce the differentiation of regulatory T cells when used as antigen-presenting cells (figure 1) (Ronchi F., Caielli S., Conforti C., Baev D., Falcone M., manuscript in preparation).
Induction of T reg cells
iNKT cells are different from conventional regulatory T cells such as FoxP3 (79) and experimental autoimmune MG (EAMG), the animal model of human MG (7) . Specifically, in the EAMG model of autoimmune disease, it was shown that iNKT cell activation by αGalCer was able to protect mice from EAMG by favoring T reg expansion through IL-2-dependent mechanisms. In addition, together with a significant increase in their number, CD4 + CD25 + T cells from iNKT cell-protected mice also showed a more potent suppressive capacity upon self-reactive T cells. Again, that study indicated that iNKT cells could mediate their regulatory effect through induction of conventional T reg able to suppress self-reactive T cells but it did not assess whether the iNKT cells interact directly with T reg cells. An alternative hypothesis holds that iNKT cells could favor T reg indirectly by contacting DCs and driving them towards a tolerogenic phenotype that, acting as APCs, promotes the expansion and the differentiation of CD4 
THE THERAPEUTIC POTENTIAL OF iNKT CELLS
So far, the therapeutic use of iNKT cells to improve T cell immunity against infections and tumors or to dampen T cell immunity for prevention of autoimmune diseases has been hampered by the dual phenotype and function of iNKT cells (80) . Although the mechanism of action of iNKT cells is unknown and not necessarily cytokinemediated (71, 73 and Ronchi F. et al. manuscript in preparation), it is clear that a characteristic cytokine secretion pattern correlates with the iNKT cell acquisition of a specific function. For example, the secretion of proinflammatory cytokines such as IFN-γ and IL-12 is linked with the adjuvant function of iNKT cells to help fighting infections and in anti-tumor immunity (66) (67) (68) . Conversely, iNKT cells that induce T cell tolerance and prevents or ameliorates autoimmune diseases in animal models (2) (3) (4) (5) 69) were characterized by the release of a wide array of cytokines that included Th1 cytokines like IFN-γ and Th2-type cytokines such as IL-4 and IL-10. Although it is evident that iNKT cells acquire a specific cytokine phenotype and function according to the environmental stimuli they receive, we are still unable to force the iNKT cell differentiation towards an adjuvant or regulatory phenotype. Without knowing the mechanisms that drive the iNKT cell orientation towards a specific phenotype there is no guarantee that the iNKT cells will play the required function in vivo to treat rather than worsen infections, tumors or autoimmune diseases. A better understanding of the different molecules and pathways involved in the differentiation of regulatory iNKT cells and of the mechanism underlying iNKT cell-regulatory function are still necessary to pave the way to exploit their therapeutic potential for prevention and/or treatment of autoimmune diseases. 
